M onom eric M etaphosphate. DNA Enthalpy changes for the successive addition of the first four water molecules onto monomeric m etaphosphate anion in the gas phase have been determ ined to be -12.6, -11.4, -16.3, and -11.0 kcal/mol, respectively. The results suggest that the first addition is a simple form ation of the adduct PO,~ • H 20 as apposed to form ation of the dihydrogen orthophosphate anion ( H 0 ) 2P 0 2_, but that the third addition involves a transform ation to the orthophosphate anion. P h o sp h ates are crucial to th e chem istry of biological system s. P h o sphates act as the prim ary storage system o f biochem ical energy, as w ell as in term ediates in n u m ero u s biochem ical processes [1] . K now ledge ab o u t the h y d ratio n of p h o sp h a te groups is im portant in fu rth e r u n d erstan d in g th ese processes as well as in elucidating the effects of co u n ter ions on the p ro perties o f D N A [2], O v er 30 years ago the m onom eric m e tap h o sp h ate anion P 0 3~ w as proposed to be a reactive in te rm ed ia te in th e hydrolysis of phosphate esters, and the literatu re has b een replete w ith discus sion co ncerning its involvem ent [3, 4] , O n the o th e r h an d , P 0 3~ is q uite stable and unreactive in the gas phase [5] . E vidence of free m e tap h o sp h ate anion in non-hydroxylic solvents exists [6] [7] [8] ; how ever, the existence of P 0 3_ in w ater has n o t been dem o n strated an d its possible existence in solutions has evoked con sid erab le controversy [4, 9] . Som e recent results [9] a p p e a r to rule o u t free m e tap h o sp h ate ion as an in te r m ed iate in the hydrolysis o f 2,4-dinitrophenyl p h o s p h ate dianion in aqueous solution.
Enthalpy changes for the successive addition of the first four water molecules onto monomeric m etaphosphate anion in the gas phase have been determ ined to be -12.6, -11.4, -16.3, and -11.0 kcal/mol, respectively. The results suggest that the first addition is a simple form ation of the adduct PO,~ • H 20 as apposed to form ation of the dihydrogen orthophosphate anion ( H 0 ) 2P 0 2_, but that the third addition involves a transform ation to the orthophosphate anion. P h o sp h ates are crucial to th e chem istry of biological system s. P h o sphates act as the prim ary storage system o f biochem ical energy, as w ell as in term ediates in n u m ero u s biochem ical processes [1] . K now ledge ab o u t the h y d ratio n of p h o sp h a te groups is im portant in fu rth e r u n d erstan d in g th ese processes as well as in elucidating the effects of co u n ter ions on the p ro perties o f D N A [2] , O v er 30 years ago the m onom eric m e tap h o sp h ate anion P 0 3~ w as proposed to be a reactive in te rm ed ia te in th e hydrolysis of phosphate esters, and the literatu re has b een replete w ith discus sion co ncerning its involvem ent [3, 4] , O n the o th e r h an d , P 0 3~ is q uite stable and unreactive in the gas phase [5] . E vidence of free m e tap h o sp h ate anion in non-hydroxylic solvents exists [6] [7] [8] ; how ever, the existence of P 0 3_ in w ater has n o t been dem o n strated an d its possible existence in solutions has evoked con sid erab le controversy [4, 9] . Som e recent results [9] a p p e a r to rule o u t free m e tap h o sp h ate ion as an in te r m ed iate in the hydrolysis o f 2,4-dinitrophenyl p h o s p h ate dianion in aqueous solution.
R am irez et al. [9] suggest th a t "since the m e tap h o s p h ate ion clearly has an in d e p e n d e n t existence in the gas p hase b u t presum ably not in w ater, there may be liquid m edia of in te rm ed ia te in tern al pressure and/or n ucleophilicity in which it m ay survive how ever b riefly " . O v er th e last several years, a tactic tak en in o u r la b o rato ry to exam ine such problem s of gaseous versus co n densed phase b eh av io r involves investiga tio n o f th e p ro p ertie s of clusters which conveniently bridge these states of m a tte r [10] . H erein , we rep o rt results on the gas phase h y d ratio n of the m onom eric m e tap h o sp h ate anion P 0 3~ an d provide experim ental ev idence for the influence of hydration on its in te r * R eprint requests to Prof. A. W. Castleman (Jr.). R ecently we u n d e rto o k a study of th e gas phase hydration of P 0 3~ by using the well established high p ressure ion source mass sp ectro m etric technique [11, 12] which has b een o p eratio n al in o u r lab o rato ry for a n u m b e r of years. T h erm ochem ical d ata on the successive steps o f h y d ratio n of P 0 3~, exem plified by reactio n (1), w ere thus o b tain ed . T he results are given in T able I.
P 0 3-( H 20 )" + H 20 *-> P 0 r ( H 20 ) " +1
( 1) B eyond th e first h y d ratio n step, d eu teratio n was necessary in o rd er to avoid in terferen ce by the hy d rates of an im purity ion, H C 0 3_ , w hich ap p eared at the low er te m p eratu re s and higher w ater v apor co n cen tratio n s req u ired to exam ine th ese hydration steps. T h e results fo r H 20 versus D 20 for the first h y d ratio n step are w ithin ex p erim en tal erro r (ab o u t ± 0 .5 kcal/m ol). E x p erim en tal details of these m eas u rem en ts will be given elsew here [13] . From o u r study it is found th at th e th e rm o d y nam ic results fo r th e association of th e first w ater m olecule o n to P 0 3~ are directly co m p arab le to those of its co n g en er N 0 3~ [14] . It is w orth noting th at [5] found th a t u n h y d rated P 0 3_ also behaves kinetically sim ilar to N 0 3_ . Since, phos pho ro u s is a second row elem en t, P 0 3_ is expected to be the larger ion and consequently the stan d ard e n thalpy and free energy changes for the association of w ater should be of slightly sm aller m agnitude (less negative) for P 0 3-. T he respective values for n itrate are also given in T able I. B ased on this com parison, P 0 3~ ap p a ren tly u ndergoes a sim ple adduct fo r m ation ra th e r than isom erization to the gaseous d i hydrogen o rth o p h o sp h a te anion ( H 0 ) 2P 0 2_ . H ow ever, one can n o t com pletely exclude the possibility th a t the gas-phase h ea t of form ation of ( H 0 ) 2P 0 2~ is such as to coincide w ith th e th erm odynam ic results for the first h ydration step. U n fo rtu n a tely , the au th o rs know o f no d ata through which the gas phase h eat of form atio n of ( H 0 ) 2P 0 2_ m ay be estim ated . In a q u e ous solu tio n , the free energy for conversion of P 0 3-into the m ore stable H 2P 0 4~ ion has been d e te r m ined, by indirect m e th o d s, to be -27 kcal/m ol [15] . F u rth e r gas phase hydration steps w ere also inves tigated in the p rese n t study which p roduced results particularly revealing for assessing the n atu re of the ions of in te rest in solution. In o rd e r to ap preciate the significance of the findings it m ust be realized th at certain tren d s in the th erm odynam ics o f ions in gen eral are ex p ected [16] . B ased on ea rlier w ork on the oxyanions 0 2_ [17] , C 0 3_ , H 0 C 0 2- [18] , N 0 2-, and NO-,- [14] , a gradual d ecrease in -ZlH° is expected as each free (non-hydroxyl) oxygen atom of the a n ion becom es associated w ith a w ater m olecule. A m ore significant decrease in the stepw ise -A H° is expected at the hyd ratio n step th a t exceeds the n u m b er of non-hydroxyl oxygen atom s.
A s seen from the results in T able I, the second h ydration step of P 0 3-is consistent w ith a sim ple association reactio n , i.e., -A H° and -A G 298 d e crease slightly. T he results for the third step, how ever, are exceptional and revealing. In the case of alm ost all ions, the -A H° and -A G 298 values for successive w ate r addition m onotonically decrease w ith increasing cluster size [16] . T he very few excep tions include th e hyd ratio n of f-C4H 9+ and C 2H 5C O + [19] . T hese exceptions are also accom panied by u n usual kinetics. T hese investigators rep o rted th at equ ilib ratio n of one of the hydration steps (the sec ond step in the case of C 4H 9+ and C 2H 5C O +) could not be established u n d e r the ex perim ental lim itations, although equ ilib ratio n of fu rth e r clustering steps was readily achieved. Sim ilar difficulties arose in the p resen t studies of the third h y d ratio n step of P 0 3~. E q u ilib ratio n of this h y d ratio n reaction was rel atively difficut com pared to th e o th e rs, although we w ere able to overcom e this p ro b lem ; details will be given elsew here [13] . O f p a rtic u la r significance was th e finding o f a much larg er value for th e h eat of hydration fo r th e third co m p ared to the second and fo u rth steps, w ith a co rresp o n d in g discontinuity in th e otherw ise sm oothly d ecreasin g values w ith in creasing d eg rees of h y d ratio n .
A is less stable in the gas phase, but is solvated more strongly than P 0 3~. solvated ion pair (D 30~) ( D 20 ) ( D P 0 4=) is one sug gested ex plan atio n th a t could be invoked to support fo rm atio n of ( D 0 ) 2P 0 2_ in the first step and that w ould also be consistent w ith peculiar therm o d y nam ics and kinetics for the th ird hydration step. H o w ev er, the creatio n of a solvated ion pair solvated by only o ne w ater m olecule seem s unlikely. T he few calculations [21] and ex p erim en ts [22, 23] suggesting such charge se p aratio n in clusters indicate th at at least th ree or four solvent m olecules are requ ired . As a fu rth e r n o te , som e gas phase hydration reactions involve a tran sfo rm atio n o f the ion at a particular d eg ree of hydration as in the w ell-know n case of N O + [20] . 
T h e fo u rth hy d ratio n step retu rn s to m ore norm al b eh av io r, both kinetically and therm odynam ically. In com parison to tren d s for o th e r oxyanions, the m ag n itu d es o f the en th alp y and free energy charges are larg er than m ight be expected if this step rep resen ted hydration of P 0 3~(D 20 ) 3 w here the fourth w ater m olecule does n ot have an open anionic oxygen atom w ith which to in teract directly. By the sam e to k e n , th e therm odynam ics for the reaction are not u n reaso n ab le for a third h y d ration step of ( D 0 ) 2P 0 2~, p articularly if the first tw o steps are rel atively large as indicated for the situation in Fig. 1 b. This w ould be analogous to the results for C 0 3_ and H C 0 3- [18] .
In conclusion, th e therm o d y n am ics for the gas phase h y d ration of P 0 3-su p p o rt recen t results [5] concerning the un reactiv e n atu re of the bare ion. F u rth e rm o re , the p resen t results indicate th a t P 0 3~ undergoes a chem ical tran sfo rm atio n to ( H 0 ) 2P 0 2~ upon hydration by th ree w ater m olecules.
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